The methodology originally developed by Sonis, Hewings, and Miyazawa (1997) is now expanded and discussed more thoroughly when applied to an interregional table at the level of the 5 macro regions of the Brazilian economy for the year of 1995. The methodology used in this work is based on a partitioned input-output system and exploits techniques of the Leontief inverse through the nature of the internal and external interdependencies giving by the linkages, which allows to classify the types of synergetic interactions within a preset pair-wise hierarchy of economic linkages sub-systems. The results show that: a) the North region has practically no relation with the Northeast region and vice-versa; b) while the South region has some impact on the production of the North region, the inverse is not true; c) despite the fact that the demands from the Central West region have some impact on the production of the other regions, the production in the Central West region has its relations concentrated with the Southeast and South regions; and d) the South and Southeast regions show to be the most important regions in the system. 1 We would like to thank the comments made by Daniel Czamanski, Maria Cristina Ortiz Furtuoso, and two anonymous referees. 
I. Introduction
The methodology originally developed by Sonis, Hewings, and Miyazawa (1997) , which classifies the types of synergetic interactions and allows to examine the structure of the trading relations among the regions, and in a exploratory way applied by Guilhoto, Hewings, and Sonis (1999) to an interregional input-output table at the level of 2 regions for the year of 1992 for the Brazilian economy is now expanded and discussed more thoroughly when applied to an interregional table at the level of the 5 macro regions (North, Northeast, Central West, Southeast, and South) of the Brazilian economy (Guilhoto, 1999) .
This work is organized in the following way: a) the theoretical background will be presented in the next section; b) the third section will present the results for the Brazilian economy; and c) some final remarks will be made in the last section.
II. Theoretical Background
This methodological section will be divided into two parts: a) in the first one it is made reference to the theory originally developed for the two regions case; and b) in the second it is showed how this theory can be extended to the n regions case.
II.1. The Two Regions Case
A complete description for the 2 regions case is presented in Sonis, Hewings, and Miyazawa (1997) , which is the basis for this section.
Consider an input-output system represented by the following block matrix, A, of direct 
where A 11 and A 22 are the quadrat matrices of direct inputs within the first and second regions, respectively, and A 12 and A 21 are the rectangular matrices showing the direct inputs purchased by the second region and vice versa.
The building blocks of the pair-wise hierarchies of sub-systems of intra/interregional linkages of the block-matrix Input-Output system are the four matrices 
This section will usually consider the decomposition of the block-matrix (1) into the sum of two block-matrices, such that each of them is the sum of the block-matrices (2) . From (1) 14 types of pair-wise hierarchies of economic sub-systems can be identified by the decompositions of the matrix of the block-matrix A (see Figure 1 and Table 1 ).
Consider the hierarchy of Input-Output sub-systems represented by the decomposition 
The definition (3) implies that:
The calculation of the outer block-multiplier . This work will presented the application of formulas (3), (4) and (5) to the derivation of a taxonomy of synergetic interactions between regions. The possibilities for the A 1 matrix are presented in Table 1 . Also, Figure 1 shows the schematic representation of the possible forms of the A 1 matrices.
Based on hierarchy of input-output sub-systems represented by the decomposition
corresponding to the first sub-system, the multiplicative
can be converted to the sum:
If f is the vector of final demand and x is the vector of gross output, then from the decomposition (6) is possible to divide the gross output into two parts: = 
II.2. The n Regions Case
For the n regions case the number of decompositions increases dramatically as one increases the number of regions, such that from the 15 decompositions (including the whole system) for the 2 regions case, one goes to: a) 511 decompositions for the three regions case; b) 65,535 decompositions for the 4 regions; c) 33,554,431 decompositions for the 5 regions; and so on. In this way, the equation representation of the system for the n regions case becomes very complex, so what is presented here is a general idea of how the system works, as can be seen in a schematic way for the 5 regions case, as it is presented in Figure 2 . From this figure one can see that in the 5 regions case one has 25 matrices. At first, one has to consider each matrix isolated, the next step is to consider the 25 matrices combined 2 at time, then 3 at time, and so forth, until one gets to the whole system. To measure the net contribution of each combination for the production in the productive process one has to subtract from the result of the combination of k matrices all the possible lower level combinations of these matrices, e.g., the result of a set of 5 matrices must be subtracted from the results of all the possible combination of these five matrices at the level of 4, 3, 2, and 1 matrices.
Some works have already being developed for Brazil using the methodology proposed by por Sonis, Hewings, and Miyazawa (1997) . For the two regions case one has the work of Guilhoto, Hewings and Sonis (1999) , while Moretto (2000) and Silveira (2000) explore the methodology for the 4 regions case. The two regions used in Guilhoto, Hewings and Sonis (1999) are the Northeast and the Rest of Brazil regions. Moretto (2000) works with a four regions interregional input-output output system construct for the state of Paraná. The work of Silveira (2000) uses an interregional system that includes the Brazilian states of Minas Gerais, Bahia, Pernambuco, and the Rest of Brazil economy. 
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The next section will present the results when the above methodology is applied to the interregional system of the 5 Brazilian macro regions.
III. An Application to the Brazilian Economy
In this section it is made first a general presentation of the main aspects of the five Brazilian macro regions and then it is made an analysis of the results derived from the application of the theory presented in section II.
III.1 The Brazilian Macro Regions
According to the classification of the Brazilian Institute of Geography and Statistics The overall size of the Brazilian territory is 8,511,996 Km 2 of which 45.25% belongs to the North region, 18.25% to the Northeast, 18.85% to the Central West, 10.85% to the Southeast, and 6.76% to the South. However the economic and population distribution do not follow the geographical distribution, as can be seen in Table 2 . Source: IBGE (1997a and 1997b), Considera and Medina (1998) .
Having 45.25% of the Brazilian territory the North region has only 7.19% of the Brazilian population and the smallest number peoples living per km 2 , it also has the smallest share of population living in the cities (62.36%) and the smallest share in the Brazilian GDP (5.27%). The most developed regions in Brazil are the Southeast and the South region. The Southeast region has a share of 56.97% of the Brazilian GDP with 42.66% of its population and 10.86% of the territory, while the South region has a share of 16.89% in the Brazilian GDP with 6.76% of the territory and 14.97% of the population. The Southeast region is the most industrialized region in Brazil, while the South region is the one more closed to the Mercosur countries which is the region that due to the continental size of Brazil could be the one to get the most benefits from the Mercosur integration. The Central West region has been an important region for Brazil in terms of agriculture, mainly because of the favorable type of land that this region has, and it has a reflex in its share in the population (6.69%) and GDP (7.25%) of Brazil.
The Northeast region has serious problems of draught and in the beginning of the formation of the Brazilian State it used to be it most important region. This region has 18.28% of the Brazilian territory, 28.50% of its population and 13.62% of its GDP. Recently oil extraction and processing has been one of the most growing business in the region and with the openness of the Brazilian economy a lot of industries have been installing they production units in the region (in part due to the fiscal incentives giving by the various levels of the state).
III.2. The Productive Relation among the Regions
Using a set of interregional input-output tables built by Guilhoto (1999) Due to computational problems, i.e., the computer resources available to the author were not enough to carry out the estimations directly at the 5 regions level, the estimations were carried in the following way: a) first, it was considered each region against all the others aggregated; and b) then, the results for the five regions where derived from the results obtained from five four regions cases where two regions were aggregated.
It was necessary to derive the five regions case from the four regions case due to computer time requirements. In the 4 regions case the computer resources required are considerable, the time to estimated all the 65,535 combinations on a 120 MHz Pentium computer (used by the authors) would be more than one week. Fortunately, in practical terms, the combinations of 1, 2, 3, 4, and 5 matrices generates more than 99.90% of production explanation for a given region, which allows to take the remaining explanation as a residual of all the other combinations (even in this case the computer takes more than 6 hours to generate the results for each interregional system of 4 regions).
To aggregate the 5 regions into 4 it was taken into consideration the geographic localization of the regions as well as their economic relations, resulting into 5 combinations: a)
N+NE, CW, SE, S; b) N+CW, NE, SE, S; c) NE+CW, N, SE, S; d) N, NE, CW+SE, S; and e) N, NE, CW, SE+S.
Below it is made an analysis of the results for the 2 regions and 5 regions cases. The results for the 2 regions case allow on the one hand a first view of how each region interacts with the rest of the economy and on the other hand permits to see the importance of each interaction 12 to generated the production in each region. The 5 regions case will give more emphasis on the analysis of the importance of the links among the regions to the production generated into each region.
III.2.1. The 2 Regions Case (One Region Against all the others)
Starting from the isolated regions (block matrices) and then adding the interactions among them it is possible to measure how each interaction adds to the total production. These results are presented in Table 3 and in Figure 4 for each of the 2 regions case, i.e., one region against the rest of Brazil.
The results show that decomposition I, that measures the contribution of the production inside the region to the total production in the productive process, is the most important element in all of the 5 Brazilian regions, however it presents the highest values in the most developed regions, Southeast (84.52%) and South (76.86%). For the Northeast region it represents 73.12%, it also shows that the Central West (68.44%) and the North (64.33%) are the regions more dependents on the other regions for their productive process.
The most important decompositions for the region 1 (isolated Brazilian region), in the 2 regions case, are decompositions I, II, V, IX, and XII, which are related with the matrices A 11 , A 12 , and A 22 (Table 3 and Figure 4 ). This meaning that the inputs that each Brazilian region buys from the rest of the economy has practically no impact over its production. From the data one has that the inputs that the rest of the economy buys from a given region (A 12 ) represents from 12.15% (Southeast) to 27.32% (North) of the production in this region, while the production relations inside the rest of Brazil (A 22 ) represents from 2.72% (Southeast) to 8.12% (North) of the production in this region. 
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Decomp. In general, for the Brazilian case one has that the size of the regional economy really has an impact on the results, the North and the Central West regions being the more open economies, the South and the Southeast regions being the more closed ones and the Northeast region being in a middle condition among the other regions. In the next section when it will be taking into consideration the relation among the five regions it will be possible to see how each region has its production in the productive process related with the production on the other regions.
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III.2.2. The 5 Regions Case
The results for the 5 regions case are presented in Figure 5 which are derived from combinations using the 4 regions case as described in III.2.
When comparing the results presented in this section with the results of the previous section one has that with minor differences (probably due to rounding problems) the sum of the partial results are the same as the aggregated result, which give us confidence in the results obtained in this section and at the same time validate the analysis in the previous section.
Taking a closer look at the relations among the 5 Brazilian macro regions it is clear the importance of the Southeast and the South region for the Brazilian economy. Also, it is possible to identify a set of at most 6 relations that responds for more than 97% of the production in the productive process in a given region.
Starting with the North region, one can see that the internal relations in the productive process were responsible for 64.27% of the total production in the productive process of this region. Furthermore, 17.60% o this production is due to the sales of inputs used in the production process of the Southeast region. The South region has influence on the production of the North region, given that the relation between then generates 7.01% of the North region production. It is observed a low relation of the North region with the Northeast and the Central West regions. The production relations inside the Southeast and the South regions have an impact of respectively, 4.97% and 1.64%, on the North region production.
For the Northeast region it is verified that 73.03% of its production in the productive process are due to the sales for production inside the region. It is possible to observe a strong relation with the Southeast region, giving that 12.76% of the production in the Northeast region is due to sales to the Southeast region. The sales to the South and Central West regions generate respectively, 4.03% and 0.98% of the Northeast production. Concerning the internal relation of production, one observe that the productive process inside the Southeast and South regions is responsible for respectively, 4.91% and 1.41%, of the Northeast region production.
The results for the Central West region show a productive structure in which the internal relations in the productive process are responsible for 68.41% of the total production, which
shows that this region is the second most opened regional economy of Brazil. This region also shows a dependence with the Southeast and the South regions, giving that the sales to the Southeast region were responsible for 20.42% of its production, while the value for the South region is 3.46%. Also, the internal relations of production in the Southeast region were responsible for 4.65% of the production in the Central West region.
The Southeast region shows the productive structure less dependable on the other regions, given that the internal production relations are responsible for 84.49% of the total production in the productive process. The sales to the other regions are responsible for 12.11% of its production, with the South region having the biggest share, 6.02%. Considering all the regions, the only internal production relation that affects the Southeast region is the one of the Source: Estimated by the authors. The South region is the second less dependable region of the Brazilian regions presented here, giving that 76.82% of its total production in the productive process are due to internal production relations. This region shows a strong link with the Southeast region, as 14.41% of its production is giving to sales to the Southeast region. The sales to the Northeast and Central West regions are responsible, respectively, for 1.95% and 1.16% of its production. The production relations inside the Southeast region are responsible for 3.39% of the production in the South region.
In the next section some final remarks will be made.
IV. Conclusions
In this paper the methodology originally developed by Sonis, Hewings, and Miyazawa (1997) to a 2 regions case is extended to a n regions case and given a new dimension, such that it is possible to measure the contribution of each block matrix, that represents the relations among the regions, to the production in the productive process of a given region.
This methodology was applied to a set of interregional tables constructed by Guilhoto An overview of the relations among the regions, in the productive process, shows that: a) the North region has practically no relation with the Northeast region and vice-versa; b) while the South region has some impact on the production of the North region, the inverse is not true; c) despite the fact that the demands from the Central West region have some impact on the production of the other regions, the production in the Central West region has its relations concentrated with the Southeast and South regions; d) the Southeast and the South regions show a productive structure more closed and less integrated to the Brazilian economy as a whole, while the North and the Central West economies are the more open and dependent economies of the system, the Northeast region, in terms of openness and dependence, is in the middle way; e) the South and Southeast regions show to be the most important regions in the system.
Despite the progress achieved in this paper, there are still some points left out that need further investigation, i.e.: a) applying the above methodology to a large set of data shows to be very demanding in terms of computer time, so there is a need for the construction of better
